Drought is a natural phenomenon which differs from other natural hazards by its slow accumulating process and its indefinite commencement and termination. The present study addresses water deficiency and drought occurrence over Kutch district, Gujarat, because nearly 45% of the whole Kutch district is severely suffering by deficiency of water. Earth observation data (LANDSAT ETM+) and Standardized Precipitation Index were used to analyze drought severity. Daily rainfall data over the study area were obtained from Indian Meteorological Department (IMD) for the period of study and geo-referenced for further analyses. Using Remote Sensing and GIS techniques, rainfall variability map over the period of study has been prepared to show rainfall distribution and land use and land cover map is prepared to show the area under different land use classes and impacts of drought over land uses. Standardized Precipitation Index (SPI) was generated for each block wise and scenario of drought development has been analyzed using decadal data set for the study period (1990-2014). The present study suggests method and techniques for continuous drought monitoring by linking temporal earth observation and rainfall data. The methodology will be very useful for the development of a regional drought monitoring system.
Introduction
Drought has long been recognized as one of the major causes of human misery and being the natural disaster that annually claims the most victims. Droughts are recurring climatic events, which often hit South Asia, bringing significant water shortages, economic losses and adverse social consequences. Water scarcity can be said as the cause and effect of drought. Drought occurs whenever and wherever the links in the hydrological cycle is broken or is destabilized. Drought is a slow poison, no one knows when it creeps in, it can last any number of days and its severity cannot be predicted.
It has extensive spatial dimension and thus can have serious implications on the socioeconomic stability of an entire region. It is not possible to avoid droughts. But drought preparedness can be developed and drought impacts can be managed. The success of both depends, amongst the others, on how well the droughts are defined and drought characteristics quantified (Smakhtin V. U., Hughes D. A., 2004) . Hence, preparedness to drought should form the important part of national environmental policies. The levels of drought preparedness in countries of the region differ significantly. A drought is a complex phenomenon that can be defined from several perspectives (Wilhite D., Glantz M. R., 1987) . Drought is a normal feature of climate and its recurrence is inevitable (Mishra A. K., Desai V. R., 2005) . Most often from literatures, operational definitions identify the beginning, end, spatial extent and severity of a drought. They are often region-specific and are based on scientific reasoning, which follows the analysis of certain amounts of hydro meteorological information. They are beneficial in developing drought policies, monitoring systems, mitigation strategies and preparedness plans.
A Meteorological drought is usually on the basis of the degree of dryness (in comparison to some "normal" or average amount) and the duration of the dry period (Palmer W. C., 1965) . Definitions of meteorological drought must be considered as region specific since the atmospheric conditions that result in deficiencies of precipitation are highly variable from region to region. Standard Precipitation Index (SPI) is more reliable for detecting emerging drought and it is becoming an increasingly important tool for assessing moisture condition and initiating drought response actions at state, regional and local level; planning for drought; monitoring drought; drought risk and impact analysis; and mitigating drought by putting a drought plan together for water conservation (Rawat K.S., Tripathi V.K., George Paul., Mishra A.K., 2014; Wilhite D. A., Hayes M. J., Svoboda M. D., 2000) . In present study an attempt has been made to evaluate the drought of Agro climate zones of India by SPI. This paper highlights the application of the SPI as a measure for drought monitoring in the different agro-climatic zones of India.
Earth observation data and Geospatial techniques can assist for detection and mapping of the agricultural drought prone areas including monitoring appropriate site for specific mitigation actions (Das S., Choudhury MR, Nanda S., 2013). Thus, SPI based drought risk zonation will be produced from this study, can be useful for policy makers to take appropriate actions depending upon the risk level. On the other hand it is helpful for researchers to generate the information including selection of drought prone area as well crop management and soil moisture conservation practices. Moreover, it may be helpful for development agencies and Government Organization (NGO) for drought management.
This paper addresses a serious issue due to scarcity of rainfall and drought occurrence catastrophically over the Kutch district, Gujarat. The first and foremost objective of the study is to assess the spatiotemporal occurrence of meteorological drought and their impacts by satellite Remote Sensing techniques and SPI analysis and suggest a method and techniques for continuous drought monitoring by linking temporal earth observation and rainfall data.
Materials and Methods

Study Area
Kutch district (also spelled as Kachchh) is a district of Gujarat state in western India. Covering an area of 45,652 km² (Figure 1) , it is the largest district of India. Kutch literally means something which intermittently becomes wet and dry; a large part of this district is known as Kutch which is shallow wetland which submerges in water during the rainy season and becomes dry during other seasons.
The Rann is famous for its marshy salt flats which become snow white after the shallow water dries up each season before the monsoon rains. Kutch District, at 45,692 square kilometres (17,642 sq mile), is the largest district in India. The administrative headquarters is in Bhuj which is geographically in the centre of district. Other main towns are Gandhidham, Rapar, Nakhatrana, Anjar, Mandvi, Madhapar, Mundra and Bhachau. Kutch has 969 villages. Kala Dungar (Black Hill) is the highest point in Kutch at 458 meters (1,503 ft). 
Data
Procurement and Analysis of Rainfall Data
Daily satellite derived precipitation data were acquired from the IMD. The need for satelliteestimated precipitation arises due to the poorly spatially distributed ground rainfall data. The daily rainfall estimation files have been provided for the Kutch beginning from Jan 01, 1990. The product is updated three times daily at around 9 am, 1 pm, and 9 pm eastern local time and covers a 24-hour period of accumulated precipitation. The gauge-based analysis of daily precipitation is derived by interpolating reports from ~280 GTS stations over the target domain. The GPI estimates are based on up to 48 times of half-hourly IR observations but they are indirect in nature and exhibit significant bias over land. The SSM/I and the AMSU-B estimates are more physically based but they have incomplete spatial coverage and large random error due to the limited sampling. In general, all of the individual data sources show similar large-scale distribution patterns but present differences in smaller scale features and in magnitude. Three major deficiencies exist in these individual data sources, i.e., incomplete spatial coverage; significant random error; and non-negligible bias.
Four kinds of observation-based data sets were used as inputs to construct the merged analysis of daily precipitation (Figure 2 ). The figure shows an example of the input daily precipitation fields for Jan, 1990. The merged analysis presents similar spatial distribution patterns with those of satellite estimates while its magnitude is close to the gauge-based analysis over areas with gauge data.
The rainfall estimates were compared with the station recorded precipitation values. Statistics were generated upon completion of all processes and the results are shown in Table  1 .GTS, GPI, SSM/I, and AMSU-A data are considered the operational inputs of the RFE 2.0 algorithm. It can be seen that this set of inputs produces the highest correlation between estimated precipitation and actual station rainfall amounts, with a relatively small bias.
Standardized Precipitation Index (SPI)
Standard Precipitation Index is a state-of-the-art method developed for assessing climatic variability (McKee T. B., Doesken N. J., Kleist J.,1995; McKee T. B., Doesken N. J., Kleist J., 1993). The Standardized Precipitation Index (SPI) is a tool which was developed primarily for defining and monitoring drought. It allows an analyst to determine the rarity of a drought at a given time scale (temporal resolution) of interest for any rainfall station with historic data. It can also be used to determine periods of anomalously wet events. The purpose is to assign a single numeric value to the precipitation that can be compared across regions with markedly different climates. Technically, the SPI is the number of standard deviations that the observed value would deviate from the long-term mean, for a normally distributed random variable. Since precipitation is not normally distributed, a transformation is first applied so that the transformed precipitation values follow a normal distribution. The SPI was designed to quantify the precipitation deficit for multiple time scales. These time scales reflect the impact of drought on the availability of the different water resources. The SPI calculation for any location is based on the long-term precipitation record that is fitted to a probability distribution, which is then transformed into a normal distribution so that the mean SPI for the location and desired period is zero. A drought event occurs any time; the SPI is continuously negative and reaches intensity of -1.0 or less (Table 1) . The event ends when the SPI becomes positive. Each drought event, therefore, has a duration defined by its beginning and end, and intensity for each month that the event continues. The positive sum of the SPI for all the months within a drought event can be termed as the drought's "magnitude". Standardized Precipitation Index (SPI) is an index that was developed to quantify precipitation deficit at different time scales, and can also help assess drought severity (Das S, Choudhury MR, Nanda S., 2013).
SPI = {(Xij − Xim) /σ} (1)
Where, Xij= is the seasonal precipitation Xim is its long-term seasonal mean σis it's standard deviation.
SPI results computed from seasonal rainfall data were assigned to each grid cell of the study area, and reclassified based on drought severity classes. The value of drought generally varies from -2 to +2. If the value is below 0 i.e between -1 to -2 then the probability of drought is more and it has adverse effect on crop productivity. If it remains below than obviously the productivity and health will be less. If the value is 0 than there would be no vegetation, and if the value is above 0 than vegetation will be high. (Table 2 ). Moderately Dry about 16% of events (roughly 1 out of 6) are expected to exceed -1.00
Results and Discussions
Rainfall Variability
Rainfall variability map (Figure 3) 
SPI based drought analysis and zonation
SPI for individual blocks were computed from seasonal rainfall data were assigned to each grid cell of the study area, and reclassified based on drought severity ( Figure 5&6 ).
Similarly SPI for all other blocks of Kutch region have been calculated (see Annexure 1). 
Conclusion and Recommendations
The study demonstrated the SPI based approach for drought assessment through remote sensing techniques and seasonal long term rainfall data. 
